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ABSTRACT: The typical synthesis protocol for blue-emitting CdSe nanoplatelets (NPLs) yields
particles with extended lateral dimensions and large surface areas, resulting in NPLs with poor
photoluminescence quantum efficiency. We have developed a synthesis protocol that achieves an
improved control over the lateral size, by exploiting a series of long-chained carboxylate precursors
that vary from cadmium octanoate (C8) to cadmium stearate (C18). The length of this metallic
precursor is key to tune the width and aspect ratio of the final NPLs, and for the shorter chain
lengths, the synthesis yield is improved. NPLs prepared with our procedure possess significantly
enhanced photoluminescence quantum efficiencies, up to 30%. This is likely due to their reduced lateral dimensions, which also
grant them good colloidal stability. As the NPL width can be tuned below the bulk exciton Bohr radius, the band edge blue-shifts,
and we constructed a sizing curve relating the NPL absorption position and width. Further adjusting the synthesis protocol, we were
able to obtain even thinner NPLs, emitting in the near-UV region, with a band-edge quantum efficiency of up to 11%. Results pave
the way to stable and efficient light sources for applications such as blue and UV light-emitting devices and lasers.
■ INTRODUCTION
Since the discovery of wurtzite1 and zincblende2 CdSe
nanoplatelets (NPLs) in 2006 and 2008, respectively, colloidal
two-dimensional (2D) semiconductor NPLs have established
themselves as a novel and exciting class of materials. The one-
dimensional (1D) quantum confinement, acting only along the
thickness direction, labels them as a colloidal counterpart of
quantum wells,3,4 and is the pivotal element for their peculiar
optoelectronic properties. In comparison to zero-dimensional
(0D) colloidal quantum dots, they exhibit narrower emission
line widths, faster photoluminescence (PL) decay times,5
suppressed Auger recombination6 so that they achieve high
optical gain coefficients,6−8 and a large nonlinear absorption
coefficient.9 They yield bright and pure-color light-emitting
diodes,10,11 and their geometry makes them potential
candidates for chemical sensing12 thanks to the high surface-
to-volume ratio. Established procedures, mostly based on metal
carboxylates as precursors, are available to prepare highly
luminescent zincblende CdSe NPLs with atomically precise
control over their thickness.3,13−15 The latter, verifiable by
absorption and photoluminescence (PL) spectroscopy, is
usually defined by the number N of monolayers (ML), with
N being the number of Se crystalline planes bound to the N +
1 planes of Cd. NPLs already have shown emission over the
visible and UV spectral range, from 395 nm, for 2.5 ML NPLs,
to 625 nm, for 8.5 ML NPLs,3,13,16 yet most efforts are
directed toward highly fluorescent 4.5 ML and 5.5 ML NPLs,
emitting around 510 and 550 nm, respectively.
In this work, we focus on the thinner NPLs,17 emitting in
the blue region of the electromagnetic spectrum (2.7 eV = Eg, λ
= 460 nm). Reducing the NPL thickness is expected to
influence the linear and nonlinear optical properties. While
there are reports for the preparation of 3.5 ML CdSe
NPLs,3,18−20 in most, the well-established preparation of 4.5
ML NPLs was essentially modified by lowering the NPL
growth temperature.3,18,21 This approach yields extended
nanosheets that are not ideally suited for further investigation
of the NPL photophysics or final optoelectronic or photonic
applications, as the NPLs display enhanced Rayleigh scattering
and carrier trapping at surface defects. Therefore, it is
paramount to achieve a lateral size tuning, without relying
critically on the temperature to obtain thinner NPLs.
We resolved this issue by unraveling the effect of the organic
chain length of the initial cadmium carboxylate on the
precursor conversion rate and final lateral dimensions of the
CdSe NPLs. We demonstrate that it is possible to tune the
overall area and aspect ratio of such NPLs using different chain
lengths. We then investigated the optical properties of the
synthesized NPLs by means of absorbance spectroscopy, and
steady-state and time-resolved photoluminescence (PL) spec-
troscopy. The NPLs show narrow-band PL spectra (8 nm full
width at half-maximum, FWHM) with a low contribution of
trap emission. The band-edge PL quantum efficiency (PL QE)
of 5−30% exceeds recent literature confirming the reduced
influence of surface trapping.3,18,21,22 A fast (4−8 ns)
fluorescence lifetime is in line with the enhanced absorption
Received: July 24, 2020
Revised: October 9, 2020
Published: October 21, 2020
Articlepubs.acs.org/cm
© 2020 American Chemical Society
9260
https://dx.doi.org/10.1021/acs.chemmater.0c03066
Chem. Mater. 2020, 32, 9260−9267
This is an open access article published under an ACS AuthorChoice License, which permits





















































































coefficient compared to 4.5 ML NPLs, yet can be attributed to
the reduced NPL thickness and blue-shifted band gap, rather
than an enhanced band-edge oscillator strength. Finally, by
slightly adjusting the synthesis conditions, we also managed to
isolate 2.5 ML CdSe NPLs, which are characterized by even
shorter lifetimes of 3 ns, and, considering the 0.76 nm
thickness, an appreciable band-edge PL QE of 5−11%.
■ RESULTS AND DISCUSSION
The synthetic investigation is oriented toward control over
area and lateral aspect ratio (AR) of 3.5 ML CdSe NPLs.
While a modification of lateral dimensions can be obtained by
simply arresting the reaction at earlier times,23 this approach is
not particularly convenient considering the lower chemical
yield. Therefore, we investigated the effect of the cadmium
carboxylate precursor on the lateral sizes of 3.5 ML NPLs.
Using different chain lengths (C8−C18), our synthesis method
is summarized in eq 1




(1) = 200 °C, CH3CH2COOH. (2) 220 °C, 20 min (R =
−C7H15, −C8H17, −C9H19, −C11H23 −C13H27, C17H35)
Step (1) indicates the temperature at which we inject
propionic acid, and step (2) indicates the final temperature and
growth time. The advantages of our approach are threefold.
First, it involves a higher reaction temperature with respect to
the reference procedure (220 vs 170 °C),18 which is expected
to benefit nucleation of NPL seeds.24−26 Second, initial
experiments evidenced the possibility to obtain NPLs by
injecting a short-chain carboxylic acid, avoiding the addition of
secondary solid cadmium salt precursor.2,15,23,27,28 Concom-
itantly, the amount of unreacted cadmium is significantly
reduced. Finally, the injection of a liquid, compared to a solid
powder, is typically more controllable. Based on initial
investigations, we selected propionic acid as short-chain ligand.
The typical time evolution of the absorbance spectra
obtained by procedure (1), using cadmium octanoate (C8),
is shown in Figure 1a. Profiles for the other carboxylates are
similar (Supporting Information Figure S1). The time spans
before and after injection of propionic acid are defined as
region I (blue shaded) and II, respectively. Clearly, already
before the addition of the short-chain carboxylic acid, signals
attributable to excitonic features (e-lh and e-hh) of small 2.5
ML (around 368 and 387 mn) and 3.5 ML (422 and 448 nm)
CdSe NPLs appear in the absorbance spectra of the aliquots.
Transmission electron microscopy (TEM) analysis of these
aliquots (SI, Figure S2) corroborates this, showing the
presence of small NPLs already at this stage, in accordance
with recent small-angle X-ray scattering (SAXS) measure-
ments29 and studies on the kinetic instability of NPLs.30 Note
that we also observed that the presence of propionic acid is not
necessary to obtain NPLs under kinetic growth conditions,20,31
yet it allows us to obtain a more homogeneous result, with less
byproducts (SI, Figure S3). The inset in Figure 1a confirms
that our procedure allows for lateral size control, as the band-
edge absorption evolves from 448 nm before propionic acid
addition, to 460 nm after a 1200 s growth at 220 °C. To
investigate the hypothesis of an enhanced nucleation rate with
our method, we took aliquots (always of the same volume)
during the growth and measured the relative amount of CdSe
produced by their absorbance at 309 nm (Abs@309, assuming
that this value does not change significantly with the NPL
dimensions9), as shown in Figure 1b. As a reference, we
compared our data with 3.5 ML CdSe NPLs synthesized
according to the literature protocol of Ithurria et al.18 Note
that, compared to literature, we have increased the molar
amount of selenium (the limiting reagent) during synthesis,
from 0.1518 to 0.25 mmol. In the figure, regions I (blue) and II
again mark the time before and after propionic acid injection,
respectively. As Abs@309 is proportional to the amount of
crystalline CdSe produced during the reaction,9 Figure 1b
demonstrates a higher conversion of precursors using the
current method with C8 ligands, which is corroborated using
C9 ligands. Using longer chain lengths (C10−C18), however, we
observed that the reaction starts to proceed via two pathways,
yielding both NPLs and a sizable fraction of QDs20 (Figure S1
shows the absorbance spectra). The overall amount of CdSe
remained high (Figure 1c, red circles), in line with previous
studies on the synthesis of CdSe QDs demonstrating higher
nanocrystal conversion using Se-ODE, compared to TOP-Se as
in the reference procedure,18,32 yet we obtained an increasing
contribution of QDs as the chain length increases. The results
therefore indicate that short-chain ligands are beneficial to
maintain a kinetic growth regime and avoid undesired isotropic
QD growth. To extract the actual NPL yield, we corrected our
Figure 1. (a) Temporal evolution of the absorbance spectra for aliquots collected during a typical synthesis (cadmium octanoate, C8). Regions I
and II: time before and after propionic acid injection, respectively. Inset: intensity and spectral shift of the e-hh transition. (b) Absorbance values at
309 nm for C8 and C9 carboxylate chain lengths (blue), compared to a reference procedure (black).
18 Regions I and II: before and after propionic
acid injection, respectively. A higher conversion into CdSe is observed, attributed to the higher synthesis temperature (error bars, ±10% of the
absorbance value). (c) Left axis: Abs@309 for the final aliquots prepared using procedure (1) (filled red circles), and using ref 18 (empty red
circle). Right axis: chemical yield in 3.5 ML CdSe NPLs, as a function of the chain length of the initial cadmium carboxylate for procedure (1)
(filled blue squares), and using ref 18 (empty blue square).
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spectra for the QD background absorption (SI, Figure S4). We
considered the final aliquot (20 min for our dataset, 45 min for
the reference procedure18) of each synthesis using different
carboxylate precursors. To extract the absorbance at 309 nm
originating from the NPLs, we rescaled the absorbance
spectrum of the purified NPL suspension with the amplitude
of the first absorbance peak, as obtained from the aliquot (SI,
Figure S5). Hence, as all aliquots are taken with the same
volume, the rescaled absorbance at 309 nm of the purified NPL
suspension allows us to calculate the NPL yield via the intrinsic
absorption coefficient of 3.5 ML NPLs reported by Achtstein
et al.9 The yield (Figure 1c, blue squares) is calculated against
the amount of Se used. All values considered in the calculation,
together with their spectral positions, are summarized in Table
S1. As suggested by the increasing QD side product formation,
a significantly larger yield is obtained for C8 and C9 ligands
compared to the reference procedure, and it decreases with
increasing chain length (Figure 1c, blue squares), to a point
where use of C18 ligands results in a 35% lower yield compared
to literature.18
On the other hand, the chain length of the initial carboxylate
remains key to regulate the NPL growth. In Figure 2a, we show
the normalized absorbance spectra of the NPLs obtained using
different cadmium carboxylate precursors using procedure (1)
with a growth time of 20 min, displaying a progressive blue
shift for longer chain lengths. As the NPL thickness is constant,
the spectral shift of the band-edge transition is due to increased
lateral quantum confinement, as confirmed by the correlation
of the e-hh transition with the NPL width, obtained from
transmission electron microscopy (TEM, Figure 2b and Table
1). To appreciate the lateral size dispersion and associated
spectral line widths, TEM histogram data and the FWHM of
the first absorption peak are reported in Table 1 and Figure S6.
In Figure 2c, we plot the e-hh transition for the different
purified NPLs. For C12, C14, and C18 precursors, the average
width falls below the bulk exciton Bohr radius for zincblende
CdSe (5.4 nm),33 demonstrating that we are able to synthesize
3.5 ML NPLs with significant lateral confinement. TEM data
further reveal that using a longer chain length, a higher lateral
aspect ratio is obtained (Table 1). Our results thus support the
hypothesis that longer ligands lead to an enhanced packing
Figure 2. (a) Absorbance spectra of the purified NPLs synthesized according to procedure (1), using different cadmium carboxylates. (b) TEM
images of the corresponding NPLs. (c) Comparison of the NPL width (left axis, black dots) and the spectral position of the e-hh transition (right
axis, red squares), plotted against the chain length of the cadmium carboxylate. The error bars indicate the size dispersion of the NPL ensemble. (d)
Sizing curves for the 3.5 ML (blue line) and 4.5 ML (green line) NPLs. For both thicknesses, filled circles represent our experimental data, while
the empty squares refer to literature reports.9,13,16,18,27,28,34−39
Table 1. Width and Length (Including in Brackets the Dispersion Across the NPL Ensemble), Lateral Aspect Ratio (AR), NPL
Area, Spectral Position λe‑hh and Full Width at Half-Maximum of the First Absorption Peak, PL Peak Position λPL and Full
Width at Half-Maximum, Band-Edge PL QE, and Amplitude-Weighted Average Lifetime τavg of 3.5 ML NPLs Synthesized with
Different Chain Lengths (CL) According to Procedure (1)
CL width (nm) length (nm) AR area (nm2) λe‑hh (nm) FWHMe‑hh (nm) λPL (nm) FWHMPL (nm) QE (%) τavg (ns)
C8 7.6(2) 36.5(12) 4.4 277 460 12 463 8 5 3.4
C9 8.0(2) 24.2(10) 3.0 199 460 14 462 8 6 4.7
C10 6.0(2) 32.3(8) 5.5 190 459 12 462 8 5 4.1
C12 5.0(2) 30.2(10) 6.0 153 459 12 461 8 20 7.6
C14 3.7(1) 39.9(12) 10.7 149 457 12 459 8 30 5.1
C18 4.4(1) 67.5(8) 15.3 297 458 12 460 8 5 4.1
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order on the NPL surface, including the side facets.20,22 We
speculate that, once attached to the larger edge, they form a
more ordered and thus compact ligand shell, further
suppressing growth along this direction in favor of the smaller
edge, thereby promoting a more pronounced anisotropic
growth. Note that the reduced sizes also leads to improved
colloidal stability of our samples, as NPL suspensions prepared
using the current method remained dispersed in hexane for
over 1 year (SI, Figure S7).
Due to the high aspect ratio, the width can be regarded as
the confinement-inducing dimension. As a result, we can
determine a sizing curve, correlating the spectral position of
the first absorption peak to the NPL width (Figure 2d, blue
data). A fit to the data yields the following expression for 3.5
ML NPLs
E w(eV) 2.69 0.40/g
2= + (2)
As the thickness is constant, the trend reflects the influence of
the additional confinement along the width direction (w, in
nm). Interestingly, in contrast to the scaling of the band gap
with thickness d, which follows a 1/d dependence13 for d =
1.0−2.9 nm thick NPLs, here, we obtain a 1/w2 dependence,
likely because the width remains more comparable to the Bohr
radius (Table 1). The good agreement between experimental
data and fit sets eq 2 as a convenient instrument to assess the
width of thin NPLs using absorbance spectra. Moreover, we
extended the fit to 4.5 ML NPLs (Figure 2c, green data),
collecting data from our experiments, where 4.5 ML NPLs
were synthesized by slight adaptation of reported proce-
dures3,23 and from literature results.9,13,16,27,28,34−39 We
obtained a similar evolution
E w(eV) 2.42 0.40/g
2= + (3)
The two fits yield the same scaling factor, which can be
expected as long as materials parameters such as the effective
masses of electrons and holes or dielectric constant do not vary
strongly with thickness. The first constant, E∞(nML), can be
regarded, for a specific thickness, as the band gap of an NPL
with infinite width. Practically, this implies that we can
combine both the confinement in thickness and width into the
following expression (E0 = 1.49 eV,
13 d and w in nm)
E E d w(eV) 1.27/ 0.40/g 0
2= + + (4)
The emission properties of the NPLs synthesized according to
eq 1 are summarized in Figure 3 and Table 1. All NPLs present
a narrow band-edge emission with an FWHM of 8 nm and a
small Stokes shift of 2−4 nm (Figure 3a and Table 1). As
expected, the trend observed in absorption is translated into
the PL spectra. A reduction in width, from C8 to C18, results in
a spectral blue shift of the emission peak, from 464 nm for C8
to 460 nm for C18. Together with the band-edge emission, a
broad band of reduced intensity can be discerned in the
spectra. As already discussed for 4.5 ML and 5.5 ML,15,40 an
incomplete passivation of dangling bonds at side facets reduces
the PL QE, with Se-rich sites responsible for deep-band hole
trapping.15 Reducing the NPL thickness to 3.5 ML, trapping at
the edges and vertices is likely further amplified, inducing the
presence of a small but measurable broad trap band.
Nevertheless, the reduced area of our NPLs, combined with
the higher synthesis temperature, leads to band-edge PL QEs
in the range of 5−30%, significantly higher than the value for
our reference sample18 (PL QE of about 1%, SI, Figure S8).
The broad band can be attributed to trap emission, as
confirmed by the photoluminescence excitation (PLE) spectra,
measured at the emission wavelength of the band edge and at
615 nm (Figure 3b and SI, Figure S9). Notably, the PLE
spectra also reveal that the two higher-energy peaks observed
below 400 nm in the absorbance spectra (Figures 2a and 3b)
pertain to the 3.5 ML NPLs. As we now also have access to
size-controlled NPLs, further support was found by the
correlation of the spectral position of these peaks with that
of the first absorption peak (SI, Figure S10).
The amplitude-weighted average lifetime of the band-edge
emission falls in the range of 3−8 ns. Curve fitting and related
parameters of the PL decay traces are reported in Figure S11
and Table S2. Our values are slightly faster than 4.5 ML (5.3
ns) to 8.5 ML (10.8 ns) NPLs, demonstrating that blue-
emitting NPLs have a larger radiative recombination rate than
the thicker green- and red-emitting CdSe NPLs (Figure 3c).3,13
Nevertheless, the presence of trap emission obscures a more
detailed comparison. We therefore also compared the NPL
absorption coefficients, obtained by normalizing absorbance
spectra at 309 nm to the absorption coefficients of Achtstein et
al.9 Figure 3d shows that the absorption coefficient of 3.5 ML
NPLs (16.7 ± 0.8 103 eV cm−1) is on average 1.5 times larger
than 4.5 ML NPLs (11.5 ± 1.6 103 eV cm−1). Considering a
similar local field factor for both thicknesses and correcting for
the different thickness yields a band-edge oscillator strength41
that is about 1.2 times higher in 3.5 ML NPLs. As the oscillator
strength for 2D excitons scales with the inverse of the exciton
area,42 data strengthen the recent observation of a reduced
exciton Bohr radius in thinner NPLs. Brumberg et al.
calculated, depending on lateral size, a reduction of 11−22%
in the exciton area.43 This is in agreement with the 20%
increase in oscillator strength observed here. From the
absorption coefficient, when also correcting for the different
emission wavelengths of 3.5 ML (462 mn) and 4.5 ML (512
nm) NPLs, we calculate a radiative recombination rate that is
about 1.8 times faster. Considering that slow trap band
emission influences the obtained effective decay constants for
3.5 ML NPLs, we obtain a reasonable agreement with results
from the PL decay traces, where also a slight enhancement was
observed. Hence, reducing the NPL thickness provides a viable
pathway to obtaining faster and stronger NPL absorbers. At
Figure 3. Emission properties of the NPLs obtained by procedure (1)
using different chain lengths: (a) PL spectra, (b) PLE spectra with λem
at the band edge and at 615 nm, and (c) PL decay traces for the NPLs
synthesized with C8. (d) Band-edge intrinsic absorption coefficients
versus NPL area for 3.5 ML (blue) and 4.5 ML (green) NPLs.
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the same time, all 3.5 and 4.5 ML NPLs show similar
absorption coefficients, independent of lateral area, confirming
earlier results that the so-called giant oscillator strength effect,
i.e., an oscillator strength that scales with the NPL area, only
applies at cryogenic temperatures,44,45 and is canceled at room
temperature by phonon and/or defect scattering.46 This is also
supported by comparing the NPL absorption coefficient with
those of 0D QDs that have a band gap absorption at similar
wavelengths. Using previously published data of Capek et al.47
and Jasieniak et al.48 (Figure S12), we obtain values of 15.8
and 10.1 cm−1 eV at 462 and 512 nm, respectively, values that
are not substantially different from their 2D counterparts.
Finally, as we have developed a procedure for the synthesis
of 3.5 ML NPLs at a growth temperature of 220 °C, we can
now again investigate the NPL growth at reduced temperature
to explore if thinner NPLs can be obtained. The synthesis
procedure (1) was therefore conducted at 160 °C. The main
obstacle for a direct extension of the procedure (1) to lower
temperature is the reduced solubility of Se-mesh. For this
reason, we slightly adapted our procedure, injecting soluble
TOP-Se together with propionic acid at 160 °C, in accordance
with recent reports on 2.5 ML NPLs.17,19
The results are shown in Figure 4. Following the lower
growth temperature, we were able to isolate NPLs with a band-
edge absorption at 393 nm, consistent with 2.5 ML CdSe
NPLs (Figure 4a). Again, the reaction could be conducted with
different chain lengths for the metal precursor, here
demonstrated using C8 as well as C18. As for the luminescent
properties, a narrow UV band-edge emission, with an FWHM
of about 10 nm, is observed at 397 nm (Figure 4b and Table
2). This is again accompanied by a broad trap band, which has
a larger amplitude than the 3.5 ML NPLs, yet is lower than
typical reported spectra.3,17,19 Despite the strongly reduced
thickness, we obtained appreciable band-edge PL QEs of 5%
(C8) and 11% (C18). Literature data to compare with, to the
best of our knowledge, are only provided by a recent paper of
Delikanli et al., who report an overall (i.e., band-edge and trap
band) PL QE below 20%, where one has to consider that the
band-edge emission only constitutes a small fraction of the
total emission spectrum.17 As for 3.5 ML NPLs, the temporal
evolution of the reaction yields a progressive red shift of the e-
hh transition, from 388 nm at 2 min to 393 nm at 20 min
(Figure S13); note however that due to the lower temperature
used, we no longer obtain NPLs with strong lateral
confinement at longer reaction time. Time-resolved fluores-
cence decay measurements (Figures 4c and S14, and Table S3)
yielded average decay times of 2.6 ns (C8) and 3.0 ns (C18). In
line with 3.5 ML NPLs, we observed a further reduction of the
recombination rate, opening up prospects for ultrafast blue and
UV emitters based on 2D colloidal nanocrystals. While it is
difficult to size the NPLs by TEM analysis (Figure 4d), as
sample damage occurs when they are merely 0.76 nm thick, we
clearly demonstrated that the synthesis method can be
extended to obtain fluorescent 2.5 ML CdSe NPLs.
■ CONCLUSIONS
We showed the possibility to tune the width and aspect ratio of
3.5 ML CdSe NPLs, using cadmium carboxylate precursors
with different chain lengths. We observed a dependence of the
chemical yield of the reaction on the length of the cadmium
carboxylate, with shorter ligands having higher yields due to a
suppression of QD side product formation. The different
ligands, presumably due to the different packing order, enable
us to control the width and the aspect ratio of the resulting
NPLs. This allowed us to finely tune their lateral dimensions,
without resorting to shorter growth times or reduced
temperatures. The synthesis method yields NPLs with a
narrow band-edge emission, a band-edge PL QE up to 30%,
and fast emission lifetime down to 3 ns. By slightly adjusting
the synthesis protocol, we can also obtain 2.5 ML CdSe NPLs
with distinct band-edge emission, PL QE up to 11%, and
emission lifetime down to 2.6 ns, demonstrating the generality
of our approach. Establishing a reproducible and tunable
preparation method of thin CdSe NPL cores now allows for
further in-depth fundamental studies on their size- and
thickness-dependent photophysics, and further work on the
growth of heterostructured blue and UV NPLs offers
interesting prospects for efficient UV or blue/green light
sources to cover applications such as light-emitting diodes
(LEDs) or lasers.
■ EXPERIMENTAL SECTION
Materials. Cadmium nitrate tetrahydrate (99.997%), sodium
myristate (≥99%), cadmium oxide (CdO, ≥99.99%), stearic acid
(≥97.0%), myristic acid (≥98.0%), octanoic acid (≥98.0%), decanoic
acid (≥98.0%), and dodecanoic acid (98.0%) were purchased from
Sigma-Aldrich. Nonanoic acid (97.0%), 1-octadecene (ODE, 90%),
and oleic acid (OA, 90%) were purchased from Alfa Aesar. Propionic
acid (>99.5%), hexane (>99%), Disolol® (ethanol, EtOH, 98%), and
2-propanol (IPA, >99%) were purchased from Chem Lab. Selenium
powder (≥99.99%) was purchased from Acros Organics. All
chemicals were used without further purification.
Cadmium Carboxylate (Cd(OOCR)2) Preparation. All cadmi-
um carboxylates were prepared starting from CdO. In a three-neck
flask, 2 g (15.7 mmol) of CdO was added to 40 mmol of the
respective carboxylic acid. Under stirring, the system was heated
under N2 atmosphere to 210 °C, until a colorless solution was
Figure 4. NPL optical properties produced by a modified version of
procedure (1), using C8 and C18 cadmium carboxylates. (a)
Absorbance spectra, (b) PL spectra, (c) PL decay traces, and (d)
TEM image of the 2.5 ML CdSe synthesized with cadmium stearate
(C18). The electron beam induced some holes in the 0.76 nm NPLs.
Table 2. PL Peak Position λPL, Full Width at Half-
Maximum, Band-Edge PL QE, and Amplitude-Weighted
Average Lifetime τavg of 2.5 ML CdSe NPLs Synthesized
with Different Precursor Chain Lengths (CL)
CL λPL (nm) FWHMPL (nm) QE (%) τavg (ns)
C8 396 8 5 2.6
C18 397 8 11 3.0
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obtained. The reaction was kept at 210 °C for 20 min and then
cooled. During cooling, between 110 and 80 °C, the mixture was
connected to a vacuum line to remove water produced in the
condensation reaction. The colorless solution was rapidly transferred
to centrifugation tubes, acetone was added, and a white solid
precipitated after centrifugation. The solid fraction was centrifuged
with fresh acetone three additional times to purify the Cd(OOCR)2
reaction product, and then dried overnight under vacuum. To validate
this synthesis, cadmium myristate was also prepared according to a
procedure previously reported in the literature.18 No appreciable
differences in NPL synthesis were observed using the two different
myristate precursors.
Synthesis of 3.5 ML CdSe NPLs with Different Cadmium
Carboxylates. In a 25 mL three-neck round-bottom flask, 0.50 mmol
of Cd(OOCR)2 (R = −C7H15, −C8H17, −C9H19, −C11H23 −C13H27,
−C17H35) and 0.26 mmol of Se powder were mixed with 12 mL of
ODE. The suspension was degassed for 1 h at 100 °C, followed by
heating the mixture, under N2, to 160 °C for 10 min. The temperature
was then set to 220 °C, and, at 200 °C, 100 μL (1.33 mmol) of
propionic acid dispersed in 1 mL of ODE was swiftly injected into the
flask. The reaction proceeded for 20 min at 220 °C, then heating was
removed to cool down the system. When the temperature reached
160 °C, 2 mL of OA was injected and the suspension was cooled to
80 °C, to proceed to purification.
Synthesis of 2.5 ML CdSe NPLs with Different Cadmium
Carboxylates. In a 25 mL three-neck round-bottom flask, 0.50 mmol
of Cd(OOCR)2 (R = −C7H15, −C17H35) and 12 mL of ODE were
degassed for 1 h at 100 °C. The temperature was set to 160 °C, and,
at 150 °C, 100 μL (1.33 mmol) of propionic acid dispersed in 1 mL of
ODE and 100 μL of a 1 M TOP-Se solution were swiftly injected into
the flask. The reaction proceeded for 20 min at 160 °C, then heating
was removed, and 2 mL of OA was added. The suspension was cooled
to 80 °C to proceed to purification.
Synthesis of 4.5 ML CdSe NPLs with Different Lateral
Dimensions. The synthesis of 4.5 ML NPLs with different aspect
ratios was slightly adapted from reported procedures.3,23 Briefly, in a
25 mL three-neck round-bottom flask, 0.30 mmol of Cd(myristate)2
and 0.30 mmol of Se powder were mixed with 12 mL of ODE. The
suspension was degassed for 1 h at 100 °C, then, under N2
atmosphere, the temperature was set to 240 °C, and when the
suspension became deep orange (at 215−220 °C), 0.6 mmol of
Cd(ac)2 or Cd(Ac)2·2H2O was swiftly injected. The reaction
temperature was set at 240 °C, and the time was varied from 45 s
to 10 min to tune the lateral dimensions. Afterward, the suspension
was cooled, and when the temperature reached 160 °C, 2 mL of OA
was injected, followed by cooling to 80 °C, to proceed to purification.
Purification Protocol for CdSe Nanoplatelets (NPLs). The
crude synthesis product was mixed with 20 mL of n-hexane, and 15
mL of a 1:5(v/v) solution of IPA/EtOH was added. The suspension
was centrifuged for 10 min at 4300 rpm. The NPLs precipitated under
these conditions, while the byproducts (dots, clusters) remained in
the liquid phase. The supernatant was discarded, and the solid was
redispersed in n-hexane and centrifuged at 4200 rpm to remove the
unreacted carboxylates. The solid was discarded, and the supernatant,
containing CdSe NPLs, was collected and stored as n-hexane
dispersion.
Synthesis Yield Determination. To follow the evolution of the
reactions, aliquots were collected at specific times, before (160 and
200 °C) and after (120, 300, 600, 1200 s) the injection of propionic
acid. With a syringe, 200 μL of the mixture was rapidly transferred
into a vial containing 50 μL of OA. Depending on the sample, 25−35
μL of this suspension was then added to 3 mL of hexane, and this
diluted sample was used to measure the absorbance spectra of the
related aliquot. The dilution for each sample is reported in the SI
(Table S1).
Transmission Electron Microscopy. Samples were prepared by
drop-casting dilute n-hexane dispersions onto carbon-coated copper
grids. Bright-field TEM images were acquired on a JEOL JEM-1011
microscope (W filament) operating at an accelerating voltage of 60
kV.
Optical Characterization. Absorbance spectra were taken with a
PerkinElmer Lambda 950 spectrometer. Photoluminescence measure-
ments were performed on an Edinburgh Instruments FLSP920 UV−
vis−NIR spectrofluorometer, using a 450 W xenon lamp as the
excitation source for PL, PLE, and PL QE measurements. An
excitation wavelength of 380 nm was used for all steady-state emission
spectra. The PL QE was measured using an integrating sphere. The
PL decay traces were recorded by exciting the samples at 331 nm
using an Edinburgh EPLED-330 (pulse width: 871.7 ps) at a
repetition rate of 0.5−1 MHz.
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